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IHTRODUCTION 
As many countries continue to develop expanding agricultural pro­
grams in response to ever-increasing populations, practical but 
vitally important problems containing microbiological aspects have 
evolved. Paramount among these problems is the biodégradation of the 
potentially harmful pesticides that are finding heavier agricultural 
and commercial uses. Other problems involving microorganisms include 
plant-pathogens and those pertaining to soil fertility and its relation­
ships to the production of various crops. Changes or alterations in the 
properties of a given soil that may effect its fertility might be reflec­
ted first by alterations in the microbial population. In other words, 
certain microorganisms may act as useful indicators of change. 
With continuing research into the activities and distribution of 
bacteria in the soil, it is becoming increasingly apparent that members 
of the genus Arthrobacter represent some of the more important soil 
microorganisms s This importance is based upon two points. First, 
relatively large numbers of Arthrobacter isolates have been found that 
have the ability to degrade and/or metabolize an increasingly wide 
variety of pesticides. Second, arthrobacters comprise a substantial 
portion of the bacterial population of many different soils. 
These two points made the arthrobacters a logical choice for an 
involved ecological study. Because no selective medium for these bac­
teria existed, the development of one became the objective of the ini­
tial research project undertaken on these organisms. In this project 
a selective medium for arthrobacters was developed and extensively 
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tested. The apparent success of this medium in isolating these bacteria 
from the soil justified its continued use in the following study. 
The specific objective of this research was to characterize topo-
seguence variations in relation to their effects on the Arthrobacter 
populations. Both total bacterial counts and percentages of arthro­
bacter s were determined from each soil sample collected frcsn within the 
two toposeguences chosen for study. Physical and chemical properties of 
the soils from these sampling sites were determined to obtain information 
useful in detecting correlations between variations in these soil prop­
erties and changes in the Arthrobacter populations. A computerized 
factor analysis program was used to analyze the relationships between 
the soil and bacteriological variables. 
Forty isolates from each soil type in one of the toposeguences were 
screened and grouped on a nutritional basis using a battery of minimal 
media containing different carbon and nitrogen sources. The data were 
analyzed by computer using a program which determined possible taxonomic 
relationships among the isolates from each different soil type. 
The information obtained from this research project was used to 
determine: 
(a) the percentage of the total isolatable bacteria, from a variety 
of soils s represented by arthrobacters; 
(b) the major nutritional categories of the Arthrobacter isolates; 
(c) possible cause-and-effect relationships between variations 
in soil properties and changes within either the Arthrobacter 
3 
populations and/or the nutritional types present within the 
same soils. 
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LITÎKATUEE REVIEW 
The Occurrence and Nutritional Diversity of Members 
of the genus Arthrbbacter 
Members of the genus Arthrobacter are of widespread occurrence in 
nature and are often found ccmprising a considerable portion of the 
bacterial population of many diverse habitats. Arthrobacters are, how­
ever, usually considered as soil bacteria and members of this genus are 
often among the dominant microorganisms isolated from soil. Taylor and 
Lochhead (1938) developed an early classification scheme for soil bacte­
ria and found approximately llj^ of the isolates exhibited morphological 
characteristics which are now recognized as belonging to members of the 
genus Arthrobacter. Conn (19^8) summarized research on the identifica­
tion of soil bacteria and found that, fran a wide variety of soils, any­
where from 2 to 35% of the isolatable bacteria had been characterized as 
belonging to the genus Arthrobacter. Sperber and Rovira (1959) studied 
the rhizosphere bacteria and found frcsi 63 to "JSS of the Gram-pcsitive 
isolates were pleomorphic coryneforms. They identified many of these as 
arthrobacters. 
Skyring and Quadling (1969) compared UOO rhizosphere and nonrhizo-
sphere isolates and found that approximately 23% of the nonrhizosphere 
isolates were arthrobacters as compared to only 3% of the isolates from 
the rhizosphere samples. Hagedorn (1972) showed that 10 to 20% of the 
total isolatable bacteria, frcm a variety of central Iowa soils, were 
arthrobacters. The percentages of arthrobacters varied with topographic 
position and were higher in prairie derived soils than in forest derived 
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soils. Lowe and Gray (1972) studied the Gram-positive bacteria from a 
pine forest soil and found that approximately 20% of the isolates from 
the C horizon were arthrobacters as compared to roughly 80% of the Gram-
positive isolates from the A1 horizon. 
Arthrobacters have been characterized on the basis of nutritional 
versatility as well as on a habitat-oriented basis. Sguros (1955) de­
scribed a strain of Arthrobacter oxydans that utilized nicotine as a 
single carbon or, alternately, as a single nitrogen source. Mulder and 
Antheunisse (I963) isolated arthrobacters from different habitats and 
found several isolates that were capable of utilizing cellulose, lignin 
and phenolic compounds as single sources of carbon. They also discovered 
that most of the isolates utilized a variety of inorganic nitrogen com­
pounds as single sources of nitrogen. Stevenson (196T) tested 130 Arthro­
bacter isolates on the basis of utilization of aromatic hydrocarbons as 
single sources of carbon. He found that those isolates with the simplest 
nutritional requirements were capable of utilizing the largest number of 
aromatic compounds. 
Owens and Keddie (1969) examined the nitrogen nutrition of 93 Arthro­
bacter isolates and discovered that the isolates exhibited a large degree 
of nutritional versatility with respect to the utilization of a wide array 
on inorganic nitrogen compounds. They found that those isolates with the 
simplest nutritional requirements utilized the largest assortment of 
nitrogen ccmpounds. 
Stevenson (196%) stated that arthrobacters were probably important 
in the degradation and transformation of residual aromatic compounds in 
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the soil humus. He felt that the ecological role of arthrohacters as 
the agents partly responsible for the turnover of residual compounds 
added to the soil was at least a possibility. Loos et al. (1967) iso­
lated an Arthrobacter sp. capable of degrading 2,U-dichlorophenoxyacetate 
(2,U-D) with the formation of corresponding phenols. Catroux et•.al. 
{1969) characterized several Arthrobacter isolates that rapidly utilized 
a variety of phenolic acids and para-coumaric acid as single sources of 
carbon. 
Sethunathan and Pathak (1971) isolated an arthrobacter from rice 
paddy water that was capable of degrading diazinon; a pesticide used in 
brown planthopper control. This isolate was very numerous in the acid 
paddy soils and could completely metabolize diazinon in the presence of 
either ethanol or glucose. Chu and Kirsch (1972) isolated an arthrobacter 
from a continuous-flow enrichment culture that could utilize pentachloro-
phenol as a single carbon source. Pentachlorophenol is a herbicide and, 
because of its persistent qualities, is often cited as an example of 
microbial fallibility. 
Horvath and Alexander (1970) described an Arthrobacter sp. that co-
metabolized m-chlorobenzoate to a product identified as 4-chlorocatechol. 
They cited cometabolism as the most probable mechanism by which residual 
ccELpc'unds in the soil vers slowly degraded. Eorvath (1972) listed the 
numerous identified isolates of bacteria (including many arthrobacters) 
that had been shown to participate in the cometabolism of various com­
pounds. He discussed the importance of this with respect to the degrada­
tion of pollutants by naturally-occurring microbial populations. 
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Tue Toposequence Concept Applied to the Clarion-Webster 
Soil Association Area 
The concept of the toposequence was defined "by the Soil Science 
Society of America Committee on Terminology (1965) as "a sequence of re­
lated soils that differ, one from the other, primarily because of topo­
graphy as a soil formation factor." The Clarion-Webster soil association 
area is located in north-central Iowa and occupies roughly 20% of the 
state. 
Topography is a very complex soil formation factor and there are 
many differences in soil properties caused by slope gradient and slope 
length in the toposequences located in the Clarion-Webster soil associa­
tion area. Jenny (19^6) stated that certain toposequence characteristics 
as soil depth and degree of erosion were primarily climate-related while 
mottling and degree of oxidation were primarily drainage-related. Walker 
et (1968) found that the proportion of grey mottles, depth to carbon­
ates and thickness of the A horizon decreased as the slope gradient 
became steeper. 
Walker (1966) and Scholtes^ stated that soil characteristics within 
a given toposequence exhibit certain observable trends. Maximum erosion 
occurs at the shoulder position so the soils in this position have a 
maximum mean particle size and minimal levels of organic matter when 
"^r. Wayne H. Scholtes, Professor of Soil Science, Agronomy Depart­
ment, Iowa State University of Science and Technology, Ames, Iowa. 
Private Communication. 
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compared to the soils occupying tije other positions. Proceeding from 
the shoulder to the toeslope, the mean particle size decreases to a mini­
mum while the percent organic matter increases to a nRy-i-mrrm level. The 
summit soils are exposed to weathering and are only slightly modified "by 
erosion and/or deposition, so, soils in this position contain a mim'miTn 
mean particle size and maximum levels of organic matter. 
Edwards and Bremner (I967) demonstrated that the number of micro-
aggregates (less than 250uM in diameter) increased with increased levels 
of organi.c matter, clay and polyvalent metals; all three of which were 
components of the microaggregates. Cultivated conditions confound some 
of these toposequence trends by affecting porosity and aggregation. 
Anderson and Browning (19^9) showed that the percent pore space in culti­
vated soils decreased and in all cases the cultivated soils contained 
fewer large pores than adjacent uncultivated soils. Burwell and Larson 
(1969) demonstrated that different tillage practices affected soil poros­
ity in different ways. They found the percent aeration pore space re­
duced as well as the total pore space in cultivated soils, hut the degree 
of reduction varied with the tillage practices and crop rotations. 
The Isolation Methods and Numerical Taxonomic Studies Performed on 
Members of the Genus Arthrobac ter 
Arthrobacters have been isolated by either dilution techniques upon 
a variety of different media or by enrichment procedures. Mulder and 
Antheunisse (1963) developed a two-stage procedure which involved plating 
diluted soil samples on a nutritionally poor medium and, after incubation, 
the transfer of Gram-positive cocci onto a richer medium for identifica­
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tion. On both media the identification of the isolates is performed by-
microscopic observation. Lowe and Gray (1972) used a nutritionally poor 
medium selective for Gram-positive bacteria to isolate soil arthrobacters. 
They found that approximately 30% of the isolates on this medium were 
arthrobacters but, due to the selectivity of the medium, a portion of the 
soil arthrobacters were also being inhibited. Eagedorn (1972) developed 
a selective medium for arthrobacters that employed initial isolation on 
a weakly selective medium and transfer, by replica plating, onto a more 
highly selective medium. He found that 60 to 80% of the isolates (from 
a variety of different soils) that grew on the second medium were arthro­
bacters. Evidence indicated that none of the isolatable arthrobacters, 
from the soils examined, were inhibited by this procedure. 
Only a very few ecological studies have been performed on soils where 
attempts were made to correlate bacterial variation with environmental 
factors. Rouatt and Katznelson (I961) compared the numbers and types of 
bacteria from rhizosphere and nonrhizosphere soil samples. They found 
that pseudomonads were predominant close to root surfaces while arthro­
bacters were predominant in the root-free samples. Chan and Katznelson 
(1961) showed that pseudomonads lowered the pH of their environment by 
acid production to 5.3-5«5 while most arthrobacters were inhibited below 
pH 6.0. Peterson et al. (1965) adjusted rhizosphere soil samples to 
different moisture levels and compared the bacterial isolates from the 
samples. They found the pseudomonads more numerous at lower soil 
moisture contents vhîle the water at the higher soil moisture contents 
diluted the acid produced by the pseudomonads to such an extent that the 
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arthro'bacters were able to pxov in the rhizosphere samples. 
Because of the high degree of variability exhibited by Arthrdbacter 
isolates in nutritional studies, the taxoncmic surveys performed on these 
bacteria have been predominantly computerized numerical schemes. Brisbane 
and Rovira (196I) compared named strains and Arthrobacter isolates from 
a variety of soils and found that only infrequently could one of the soil 
isolates be identified as closely related to one of the named strains. 
Gyllenberg and Rauramaa (1966) analyzed a large number of coryneform 
isolates in a numerical taxonomic program and were unable to delimit 
distinct groups of isolates differing in physiological characteristics. 
They felt the number of tests performed on each isolate was too small to 
allow clusters of highly similar isolates to be distinguished. 
Skyring and Quadling (I969) used a principal component analysis 
system to identify over 400 soil isolates. They found several highly 
similar arthrobacter clusters from the nonrhizosphere samples and clusters 
of pseudomonads from the rhizosphere samples. The clusters of Arthrobacter 
isolates had a very low degree of similarity to the named strains that 
they also tested. Lowe and Gray (1972) were able to distinguish, by over­
all phenetic similarity, arthrobacters from other closely related bacteria 
and were able to delimit roughly 50% of the isolates into distinct, highly 
similar clusters. 
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MATERIALS AND METHODS 
Description and. Location of Sampling Sites 
The two toposequences studied were located in the Clarion-Webster 
soil association area in north-central Iowa, and are described in Table 1. 
Table 1. Comparative descriptions of toposequences 
Descriptor Site I Site II 
Aspect North West 
Slope shape Diverging Converging 
Sxanmit-shoulder Convex Convex 
Backslope-toeslope Concave Concave 
Curvilinear length (yds) 300 170 
Soil series, slope class, 
erosion class 
Summit Clarion, 1^, slight Clarion, 1%, slight 
Shoulder Clarion, 3^, slight Clarion, 5%, moderate 
Backslope Nicollet, 25?, slight Nicollet, 2%, slight 
F ootslope Webster, 1^, none Webster, 1%, none 
Toeslope Harps, 0?, none Harps, 0%, none 
The land on which the sampling sites were located was owned by the state 
of Iowa and was used for research purposes by the Department of Agronomy 
at Iowa State University. Site I was in a corn-soybean rotation from 
1963 to 1968, and in continuous corn from I968 to 1973 while Site II was 
12 
in a corn-soybean rotation from 1963 to 1973. During this interval Site 
I received no lime treatment while Site II received the appropriate amount 
of lime to maintain the soil pH at 6.9. 
Samples of the various soils were removed from their respective Ap 
horizons in the following manner. At both toposequence sites the corn 
rows were 3 ft apart while ttware was 1 ft between plants in the rows. At 
each sampling site, a 9*9 yd square area was marked off and 9 samples 
were taken, one from the center of each 3 sq. yd area in the middle of the 
furrow between adjacent rows of corn. Each sample was removed with a 
spade marked to indicate a depth of U in and all 9 samples were then 
placed separately in Ux6 in plastic bags. All samples were treated in 
this fashion, and transported to the laboratory where platings were per­
formed within 2 hrs of obtaining each sample. Using sterile spatulas and 
weighing paper, a 50 gm portion of soil was aseptically ranoved from the 
center of each undisturbed sample. The 9 samples from each sampling site 
were treated in this fashion and all 9 50 gm samples were then placed in 
a sterile plastic bag and thoroughly mixed; and samples for the platings 
were withdrawn from these mixtures. The remainder of each 9 samples/ 
sampling site (from which the 50 gm portions were removed) were then mixed 
and the soil analyses performed on these mixtures. 
At both sites samples were obtained from all topographic positions 
(Figure 1). There were 30 yds between each sampling site at Site I and 
7 yds between each at Site II. Samples were collected from both topo­
sequence sites on the following dates: Aug. 16, Aug. 30, Sept. 13, Sept. 
27, Oct. 11 and Oct. 25, 1973. Both sites are located in Boone County, 
Figure 1. Relationship of toposequence positions to identification numbers of sampling sites and 
soil types. C = Clarion; n = Nicollet; W = Webster; H = Harps. 
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Iowa ard. the legal descriptions of "both, are the N 1/2, Section 9» T83N-
R25W of the fifth principal meridian. 
Treatment and Storage of Soil Samples 
The soil analyses were performed on all samples from Site I collected 
on August and Octo'her ?5 and from Site II on October 25. The soil sam-
TJles vere air-dried, screened to pass a It mm sieve, placed "hack in the 
original sample bags, and stored at room temperature. 
Particle Size Analysis 
A modified pipette method described by troeh and Palmer (196U) vas 
used for tiie determinations of % sand, % clay and % silt. The procedure 
for liie ranoval of carbonates vas foUoved for the footslope and toeslope 
samples from. bolh. sites. The orgapic matter in w-ii samples was destroyed 
by addii% 5.0 ml of 1.0% acetic acid and 20.0 ml of 30.0^ S^Og to 10.0 
gms soil and 20.0 ml distilled water in a 250 ml pyrex beaker. After 1iie 
organic matter was destroyed the samples were dried in an oven at 100 C 
for 2k hrs, allowed to cool, and veighed on an HlU Mettler balance to the 
hundredth of a gram. Pipette samples vere also dried in an oven at 100 C 
for 48 hrs and then cooled and weighed to the tenth of a milligram. 
Soil pH Determinations 
All soil pH determinations vere performed on a 2:1 vater: soil mixture 
as described by Russel (.I96T ). Air-dried soil samples vere veigjied on an 
HlU Mettler balance and the soil pH was determined using a Coleman Model 
28 AC pH Meter. 
l6 
Soil Organic Matter Determinations 
The wet oxidation procedure described by Russel (1967) was used to 
determine the percent organic matter of all soil samples. Air-dried soil 
samples were weighed on an HlU Mettler balance and the colorimetric deter­
minations were performed on a Bausch and Lomb Spectrophotometer. 
Exchangeable Hydrogen Determinations 
The barium acetate replacement method described by Russel (I96T) was 
used to determine the exchangeable hydrogen in all soil samples. The ti­
trations were performed with O.IN NaOH. 
Field Capacity Determinations 
A 30x6 cm glass percolation tube was packed with air-dried soil and 
enough water added to the soil to wet it to a depth of 15 cm. A cotton 
plug was placed over the top of the column and a moisture determination 
performed on a sample removed from the upper 15 cm after 14-8 hrs. The 
percent moisture value obtained was referred to as the field capacity of 
the sample as described by Troeh and Palmer (196U). 
Saturation Percent and Soluble Salts Determinations 
These analyses were performed according to the methods of Black et 
al. (1965). The water-saturated paste was made by filling a quart jar 
2/3 full of the soil sample and adding sufficient distilled water to 
slightly submerge the soil sample. The jar was tightly capped, allowed to 
equilibrate 2k hrs at room temperature and the excess water poured off. 
A portion of the saturated soil was removed and a moisture determination 
was performed. This % moisture value was referred to as the saturation %. 
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A soluble salts extract was obtained from the other portion of the 
paste sample by suction-filtering the paste sample and determining the 
resistivity of the extract using a Model 31 conductivity bridge (Cole-
Parmer Industrial and Equipment Co., Chicago, 111.) equipped with a Model 
Bl dipping type conductivity cell (Industrial Instruments, Inc., Cedar 
Grove, N.J.). The value for cation concentration, expressed as milli-
equivalents of cations per 100 gms soil was derived according to the pro­
cedure by Moodie e^ (1963). 
Soil Moisture and Percent Saturation Determinations 
Soil moisture determinations were performed on an soil samples with­
in 2k hrs of the time the samples were collected. Samples were dried in 
an oven at 100 C and weighed on an Hl4 Mettler balance. 
For all soil samples the % saturation was determined by dividing the 
% soil moisture by the saturation %. 
Nitrate and Ammonium Determinations 
Parts per mil lion (ppi) of nitrate (NO") and ammonium (NH^) were de­
termined on all samples according to the methods, respectively, of 
Bremner e^ a^. (1968) and Bainraxt e^ (1972). Fresh soil samples were 
used, and both determinations were run on an Orion Model 701 Selective 
Ion Meter (Orion Research Inc., Cambridge, Mass.). 
Nitrate Production Determinations 
Fresh soil samples were used in the determination of nitrogen-supply­
ing power according to the two-week incubation method described by Bus s el 
(1967). This procedure was followed for all determinations and colori-
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metric data were obtained using a Bausch and Lamb Spectronic 20 Spectro­
photometer . 
Available Phosphorous Determinations 
The ammonium-fluoride-hydrochloric acid extraction method suggested 
by Russel (1967 ) was used to determine available phosphorous on all soil 
samples. The colorimetric data were obtained using a Bausch and Lcmb 
Spectronic 20 Spectrophotometer. 
Plating Techniques 
Dilutions were made for every soil sample by adding 5.0 gm of soil 
to a Waring Blendor jar in which 495 ml of 0.5? peptone had been previ­
ously autoclave-sterilized. Each sample was then agitated for 3 min at 
low speed on a Waring Blendor. Following agitation, serial dilutions 
were made of each sample in 0.5% peptone dilution blanks. After vigorous 
hand shaking 0.1 ml aliquot s were removed from the appropriate blank, 
pipeted onto the various media, and spread over the surface of the plates 
with a sterile, "L"-shaped, glass rod. Plates were incubated at room 
temperature for 10 days before counts were performed. 
Media Used for Soil Platings 
Total counts were obtained on peptonized milk agar (hereafter BAA) 
consist of the following; peptonized milk 0.25», yeast extract 0.2%,  
actidione 0.01% and agar 1.5%. The pS of the medium was adjusted to the 
pH of the particular soil being plated. Arthrobacter counts were obtained 
by plating soil dilutions on a selective medium of the following composi­
tion: Trypticase soy agar O.U%, yeast extract 0.2%, HaCl 2.0%, actidione 
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0.01%t met^l red 150 ug/ml and agar 1.5%. The pH vas adjusted to the 
pH of the particular soil being plated. After incubation the selective 
medium plates containing less than 200 colonies were examined and the 
arthrobacters were separated by microscopic observation as described be­
low. The percentage of the total counts represented by the arthrobacters 
could then be determined. The Arthrobacter isolates used in the nutri­
tional survey were picked at random from the colonies growing on the se.-
lective medium. 
Cultures Used in Multipoint Inoculations 
A total of l8l tests were performed on each of l83 cultures. Twenty-
three of the cultures were named strains belonging to the genera Arthro­
bacter and Brevibacterium. These were obtained either from the American 
Type Culture Collection (ATCC, Rockville, Md.), or from the Department of 
Bacteriology (Iowa State University) culture collection. The remaining 
l60 isolates were soil isolates obtained from toposequence site I and 
identified as belonging to the genus Arthrobacter. Forty isolates were 
obtained from each of the following sample sites (Figure 1): 2, 5» 8 and 
12. The soil isolates were identified on the basis of possession of mor­
phological cycles (rod to coccus morphology), coryneform shape and snap­
ping division as described by Buchanan and Gibbons (l9Tli). Each isolate 
was streaked for isolation on trypticase soy agar plus 0.2{K yeast extract 
(hereafter TSYE), identified, and stored at 4 C on TSYE slants. 
Methods and Media Used in Multipoint Inoculations 
All 183 cultures were grown for 2k hrs at room temperature in 20 ml 
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glass dropper bottles containing 5.0 ml of Tm'm'ni«.i medium B supplemented 
with 0.1% KNO^ as an inorganic N source used by all, cultures (see below). 
Cultures were then introduced into individual wells of sterile plastic 
Microtiter plates (Cooke Engineering Co., Alexandria, Va.). These plastic 
plates were sterilized by immersion in 93% ethanol for 48 hrs followed by 
drying for 2k hrs under ultraviolet light in the Department of Bacteriol­
ogy (Iowa State University) inoculation room. Two multipoint inoculation 
devices fitted with capillary pipettes (Difco, 2629-B63, Difco Labora­
tories, Inc., Detroit, Mich.) were used to transfer cultures from the 
microtiter plates to the agar surface of the media to be tested. Each of 
the inoculation devices consisted of 2 sheets of umiT>n-m bolted, one 
above the other, 3.3 cm apart. Each sheet of metal measured l6xl5 em and 
1 mm. thick; and both contained IT6 1 mm holes aligned in parallel rows 
drilled 1 cm apart. The devices, fitted with the pipettes, were auto­
clave-sterilized, clamped to ring-stands and filled with inocula from the 
microtiter plates. The procedure for using a similar but smaller inoc­
ulation device was described by Hartman and Pattee (1968). 
The plates used were oblong 3 qt Pyrex-Ware utility glass baking 
dishes containing 750 ml of either minimal medium A or B. Snpty plates 
were covered with aluminum foil to which paper towels were taped to serve 
as moisture pads* autoclave-sterilized and dried, and filled with the 
appropriate medium which had been separately autoclaved in 1000 ml 
flasks. The plates were rapidly inoculated after being dried for 12 hrs 
at 37 C. 
Minimal medium A contained no carbon source and consisted of Difco 
21. 
yeast nitrogen "base at 0.5% and agar at l.T/5. Br cm cresol purple at a 
concentration of l6,0 ug/ml was added to miniTnal medium A to determine 
acid production from carbohydrates-. Minimal medium B contained no nitro­
gen source and consisted of: Difco yeast carbon base 0.75^ (which con­
tained glucose) and 1.7% agar. Fructose and gluconic acid, each at 0.15'^, 
were added to minimal medium B to serve as additional sources of carbon as 
all isolates grew on this mixture. The pH of both minimal media were ad­
justed to 7.2. 
A total of 121 compounds were tested for their suitability as sole 
sources of carbon and energy while h2 were tested as sole sources of 
nitrogen. Minimal medium A (no carbon source) was used in the plates to 
test for utilization of the respective compounds as sole sources of carbon 
and minimal medium B (no nitrogen source) was used to test for utilization 
of the nitrogen sources. 
Compounds Tested in Nutritional Survey 
All 163 eoïûpoûûus were tested at lOmZ'I concentrations in the appro­
priate minimal medium. The minlmal media were autoclave-sterilized and 
cooled to U8 C at which time the respective coapounds were weighed (using 
sterile spatulas) and added as aseptically as possible. A 2$ mJ. sample 
was withdrawn, the pE checked and adjusted to 7.2 if necessary. The pH 
of the remaining medium in the flask was then adjusted and rechecked by 
withdraw]^  a second 23 ml sample. Table 2 summarizes the compounds 
tested as single sources of carbon and nitrogen. 
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Table 2. Summary of compounds tested as single sources of carbon and 
nitrogen 
Compounds No. tested 
Carbon Sources 
Carbohydrates^ 22 
Fatty acids 10 
Poly alcohols 3 
Dicarboxylic acids 5 
Organic acids 4 
Aromatic hydrocairbons 35 
Amino acids and related ccmpounds 3U 
Amines 8 
Nitrogen Sources 
Organic compounds 28 
Inorganic compounds 6 
Amines 8 
^rom cresol purple at a concentration of 0.00l6% was added to the 
carbohydrate media to detect acid-producing colonies. 
The abilities of all 183 isolates to grow in the presence of various 
concentrations of l8 different dyes were determined by autoclaving the 
dyes in appropriate concentrations in TSYE agar, cooling the agar and 
pouring the media into the Pyrex plates. The plates were incubated at 
37 C for 12 hrs before being inoculated. 
All plates of the carbon, nitrogen and dye tests were incubated at 
room temperature for 10 days following inoculation. All tests on the 
isolates were performed twice to check.reproducibility of results. Re­
sults were then scored as a (+) if growth occurred or as a (-) if no 
growth was visible. The production of acid from the carbohydrates was 
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determined by observing yellow zones around acid-producing colonies. 
These acid production results were read after hrs incubation. 
Factor-Analysis Program 
Simple correlation matrices were computed for «.n variables. A pre­
liminary set of factor loading values for the factor analysis program was 
computed from these matrices using the principal components methods of 
Hemmerle (1964). These factor loading values were then subjected to a 
varimax rotation as described by Kaiser (1958) to maximize the factor 
loadi^s without changing the specific variance for each variable. 
The linear factor analysis model used for each of the variables in 
both sampling periods was: 
^1 " ^ ^1 •*" ®12^2 ^13^3 
This model equation expresses each variable, z, in terms of 3 factors, 
F^to F^, and an error factor E. The factor loadings, a and c, indicate 
the extent to which each factor participates in the test and function 
much like multiple correlation coefficients. The specific variance of the 
error factor for each variable indicates how much of the variation exhib­
ited by the variable is not explained by the 3 factors. 
This particular linear factor analysis model was used because the 
results of a teat of significance for the total number of factors indicat­
ed that there were not more than three factors involved at any one site-
sampling period (Lawley, 19^0). In using this model the assumption was 
made that the sample size of 108 toposequence samples (9 samples from 
each.of 12 sampling sites/site-sampling period) was large enough to avoid 
2k 
sampling error. In order to do this, only factor loading values larger 
than 0.50 or less than -O.5O vere considered significant correlational 
values. Table 3 lists the composition of the factors used in factor 
analysis. 
Table 3. Composition of factors used in factor analysis 
Factor Name Correlated Variables 
Soil structure factor % silt plus % clay 
% clay 
% soil organic matter 
Soil acidity factor soil pH 
soluble salts at % saturation 
exchangeable hydrogen 
total exchangeable bases 
Soil fertility factor soil NO3-N 
soil 
NO3-N producing power 
available phosphorous 
Soil moisture factor moisture relative to field capacity 
moisture relative to % saturation 
Bacterial factor total counts 
Arthrobacter counts 
i arthrobacters 
Taxoncmic Analysis Program 
This program computed the percentages of similarities (S values) be­
tween any two of the 183 cultures tested by comparing each individual 
culture to each of the remaining 182 cultures. The S value was computed 
by dividing the number of similarities (number of positive tests shared 
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between any 2 cultures ) by the sum of the number of differences (n^) plus 
the number of similarities (n ) according to the formula S = ^s 
^ °s + Od 
These values were then analyzed by the computer and the cultures with 
similar S values were categorized into distinct groups. This data was 
organized on the computer print-out in the form of a "dendrogram," 
where the cultures were arranged in polythetic groups. These are groups 
in which no individual characteristic of one group is necessarily shared 
by every member of that group. Identical procedures, as described by 
Lessel and Holt (1970), were also used to determine similarities between 
each of the polythetic groups. 
The computer used for all analyses of coded data was the IBM 360, 
Model 65, located at the Iowa State University Computation Center, Ames, 
Iowa. 
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RESULTS AND DISCUSSION 
General Trends Exhibited by Bacterial Populations and Soil Properties 
with Respect to Toposequence Positions 
The Arthrobacter counts and total bacterial counts exhibited the 
same trends during both sampling periods at both sites (Tables U, 22, 
23, 2k), The highest total counts occurred, at either the summit or toe-
slope positions. The total counts at either the shoulder or footslope 
were intermediate in magnitude while the lowest counts occurred at the 
backslope position. The highest Arthrobacter counts were found in the 
toeslope position in all cases. The counts for the summit, shoulder and 
footslope were intermediate while the lowest counts of arthrobacters 
occurred in the backslope position. The % of the total counts represent­
ed by arthrobacters (Table U) was lowest at the summit and steadily in­
creased through the various positions to the highest % in the toeslope. 
The difference between the % of arthrobacters at the summit and at the 
toeslope vas zuch less for Site II than it vas for either sampling period 
at Site I. 
The soil pH (Tables U. 12, 13, lit) was medium acid (5.5 and 5.8) on 
the summit position at Site I far both sampling periods and increased 
downslope to very slightly alkaline (T.4) at the toeslope. The variation 
in pH at Site II vas much less; only from very slightly acid (6.9) at the 
summit to very slightly alkaline (7.4) at the toeslope. The % soil organ­
ic matter (Table 4) was intermediate at the summit, decreased to the low­
est value at the backslope and then increased to the highest value at the 
toeslope for both, sites. The excha,ngeable hydrogen (Table 4) was highest 
Table U» Average total counts, Arthrobacter counts, percent of total counts represented by 
arthrobacters, soil pH, percent soil organic matter and exchangeable hydrogen of the 
toposequence positions 
Site Topose­ Average^ Average Average Average Average % Average*^ 
and quence totaJ. Arthrobacter % soil soil organic exchangeable 
date position counts counts arthrobacters pH matter hydrogen 
Site I Summit 
Aug. 30 Shoulder 
Backslope 
Footslope 
Toeslope 
Site I Summit 
Oct, 25 Shoulder 
Backslope 
Footslope 
Toeslope 
Site II Summit 
Oct, 25 Shoulder 
Backslope 
Footslope 
Toeslope 
1.3x10^ 
5.2x10° 
1.1x10° 
U.6xlO° 
6,1x10° 
1.6x10® 
6.6x10' 
3.0x10J 
2.1x10° 
2.4xl08 
1.3x10® 
6.2x10' 
2.9x10? 
2.2x100 
U.ItxlO° 
6.6x10^ 
3.1x10% 
8.0x10° 
7.8x10% 
1.3x10° 
7.2x10^ 
U.O.xlO° 
2.(5x10° 
3.6x10' 
5.6x10? 
l.SJxloJ 
9.3x10° 
5.1x10^ 
U.3:ao7 
8.9X107 
5.28 5.45 5.83 9.96 
6.10 6.04 4.07 8.53 
7.87 6.31 4,18 6.70 
16.67 6.71 5.85 3.93 
21.32 7.38 6.47 2.23 
U.68 5.79 5.83 7.63 
6.25 6.12 4.87 6.51 
8.30 6.24 4.18 5.08 
16.48 6,96 5.85 4.03 
23.39 7.42 6.47 2.38 
14.81 6.91 5.13 4.52 
15.78 6.91 4.26 4.16 
17.46 7.04 4.07 3.45 
19.64 7.14 5.90 2.71 
20.26 7.38 6.17 2.57 
®'*^Total counts and Arthrobacter counts expressed as number of bacteria/gm soil. 
°Average exchangeable hydrogen expressed as meq H^/lOO giQS soil. 
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at the smnmit and steadily decreased downslope to the lowest value at the 
toeslope. The variation in exchangeable hydrogen at Site II was much less 
than that of either sampling period at Site I. 
Proceeding downslope at Site I from the summit to the toeslope posi­
tions there were overall increases in the % clay while the % silt and % 
sand decreased (Tables 5, 12, 13, 1^). At Site II the % clay remained 
fairly constant while the % silt increased and the % sand decreased over­
all downslope. The total exchangeable bases (Tables 5, 15, l6, IT) were 
lowest at the summit and steadily increased downslope to the highest 
values at the toeslope at both sites. The soluble cations at % satura­
tion, ppm NOg and nitrate producing power of the soil all followed the 
same trend as the exchangeable bases for both sampling sites (Tables 5, 
15, l6, 17, l8, 19, 20). Available phosphorous exhibited an overall down-
slope increase, but the increases were relatively slight for both sites 
(Tables 15» l6, 17). The ppa NH^ values were highest at the summit and 
decreased downslope to the lowest values at the toeslope positions. The 
variation in the above variables was much greater for Site I than for 
Site II. 
The % moisture values relative to either field capacity or % satura­
tion both exhibited the same general trends at both sites. Overall both 
increased downslope with the lowest values usually at the backs lope or 
summit positions while the other positions were intermediate in magnitude 
except for the toeslope where the highest moisture values occurred 
(Tables 5, l8, 19, 20, 21). 
These soil properties and the variation they exhibit within the topo-
Table 5« Average particle size distribution, total exchangeable bases, soluble cations at 
percent saturation and percent moisture relative to percent saturation of the topo-
sequence positions 
Site 
and 
date 
Topose-
quence 
position 
Average particle size 
distribution 
% sand % silt $ clay 
Average total 
exchangeable 
bases®-
Average soluble 
cations at % 
saturation^ 
Average % moisture 
relative to % 
saturation 
Site I Summit 31.25 41.49 27.25 12.19 0.19 34.80 
Aug. 30 Shoulder 45.80 33.14 20.92 16.35 0.23 36.26 
Backslope 47.17 31.45 21,72 18.97 0.34 35.50 
Footslope 28.76 37.17 34.08 23.13 0.69 39.73 
Toeslope 24.16 35.81 40.13 28.59 0.87 41.78 
Site I Summit 31.25 41.49 27.25 16.70 0.24 42.31 
Oct. 25 Shoulder 45.80 33.14 20.92 18.05 0.29 44.88 
Backslope 47.17 31.45 21.72 20.93 o.4o 44.98 
Footslope 28.76 37.17 34.08 24.43 0.76 47.11 
Toeslope 24.16 35.81 40.13 29.95 0.94 49.48 
Site II Summit 29.97 40.39 29.65 20.40 0.35 53.40 
Oct. 25 Shoulder 31.62 38.18 30.21 20.20 0.35 52.50 
Backslope 27.67 40.87 31.47 20.97 0.51 46.87 
Footslope 19.87 49.50 30.68 22.97 0.83 51.30 
Toeslope 11.77 59.91 28.33 27.35 1.02 56.19 
^Average total exchangeable bases expressed as meq bases/100 gms soil. 
^Average soluble cations at % saturation expressed as meq. cations/lOO gms soil. 
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sequences examined in this study are in general agreement with other work 
of this nature conducted by Nyhan et.al. (19T2) and Anderson emd Browning 
(1949). 
Factor Analysis Interpretations of Toposequence Variations in Bacterial 
Populations and Soil Properties 
The fundamental problems in factor analysis are to determine how many 
factors are involved in the experiment and to obtain factor loading val­
ues for these factors. These determinations are derived directly from 
mathematical manipulations of the simple correlation coefficients (r 
values). In a computerized factor analysis program the first function is 
the derivation of a correlation matrix. This is the basic input for any 
factor analysis problem. From this matrix the factors are derived and 
the factor loading values determined for each factor. These factor load­
ings indicate the extent each factor participates in explaining the varia­
tion exhibited by any given variable. The factors function much like mul­
tiple correlation coefficients. The factor loadings are then subjected 
to a varimax axes rotation. The purpose of this is to facilitate the 
interpretation of the results by maximizing the differences between the 
factor loadings. This does not change the specific variance of any given 
variable. This specific variance indicates how much of the variation ex­
hibited by any one variable is not explained by the factor loadings for 
that variable. 
Factor analysis is an int^pretationaJL method and the basic purpose 
for using it is that the factor analysis of a correlation matrix greatly 
facilitates the interpretation of cause-and-effect relationships from the 
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correlations among the variables. 
Each of the factors (Table 3) vere composed of obvious caabinations 
of variables and the factors were named according to which of these fac­
tors were consistently interrelated. When % silt plus 1o clay, % clay and 
% soil organic matter were correlated as a group this factor was named 
the soil structure factor (Tables 6, 7» 8). Wien soil pH, soluble salts 
at % saturation, exchangeable hydrogen and total exchangeable bases were 
singled out by factor analysis, this factor was named the soil acidy fac­
tor. The soil moisture factor was expressed by correlations between the 
% soil moisture relative to % saturation and relative to field capacity. 
The soil fertility factor was composed of three highly correlated 
+ _ 
variables: ppm NO", ppm and NO" producing power. The available 
phosphorous was not highly associated with any other variable and was in­
cluded in the soil fertility factor as a matter of convenience. The 
bacterial factor, composed of total counts, Arthrobacter counts and the % 
of the total counts represented by arthrobacters, was not really a factor 
and represents a convenient "grouping." The bacterial factor was a re­
sponse caused by the other factors and was, in itself, not responsible for 
the variation exhibited by the other factors. The problem, then, was to 
explain the variation exhibited by the variables comprising the bacterial 
factor through. caAise-and-effect relationships derived from the other fac­
tors. 
The determinations of all l6 variables were performed on soils from 
Site I on August 30 and October 25. Site I was in corn and, on August 30, 
the plants were alive. Even though the samples were removed from non-
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Table 6. Factor analysis of data for Site I on August 30 
Rotated factor loading values 
Soil Soil Specific 
acidity structure variance 
Variable factor factor of variables 
^ si + cl^ .30 -.92 .23 
% cl .59 .77 .08 
% O.M. .20 
-.97 .14 
pH .98 -.18 .06 
ex. bases .96 —.20 .13 
ex. iT*" 
-.96 .26 .08 
S. salts .87 -.1:6 .28 
ppm KOg .90 —.36 .07 
ppm P. .90 .27 .16 
ppm 
-.99 .02 .15 
NOô pp. .96 -.20 .19 
F.C. 
.59 -.78 .64 
% sat. .43 
-.39 .35 
T.C. -.21 
-.96 .27 
A.C. 
.67 -.97 .21 
J A. .88 
-.45 .14 
% si + % cl = % silt + % clay, ? cl = clay; % O.M. = % organic 
matter; pH = soil pH; ex. bases = total exchangeable bases ; ex. S+ = 
exchangeable hydrogen; S. salts = soluble salts at % saturation; ppsi P. 
= available phosphorous; aOg pp. = NOô producing pover; F.C. = % 
moisture relative to field capacity; % sat. = % moisture relative to 
% saturation; T.C. = total counts; A. C. = Arthrobacter counts; % k. = 
% of total counts represented by arthrobacters. 
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Table 7- Factor analysis of data from Site I on October 25 
Rotated factor loading values 
Soil Soil Soil Specific 
acidity structure fertility variance 
Variable factor factor factor of variables 
% s± + % cl®-
.19 
-.97 .01 .22 
% cl .Bk .26 .06 
% O.M. .07 
-.97 .08 .16 
pH .87 -.37 .31 .07 
ex. bases .86 -Ao .23 .10 
ex. 
-.93 .2k -.2k .14 
8. salts -80 
-.5h .2k .25 
ppm NO3 .96 -.07 .77 .ok 
ppm P. 
.79 -.29 -.21 .36 
ppm NhJ -.96 .08 .OU .13 
NO0 pp. .81 
-.53 .65 .08 
F.C. .U6 
-.77 -.35 .52 
% sat. 
-.03 .88 .30 
T.C. .09 -.96 -.07 .12 
A.C. 
.72 -.91 .04 .26 
J A. 
.97 -.51 .37 .05 
% si + ^  cl = % silt + % clay; ^  cl = clay; % O.M. = % organic 
rsatter; pH. = soil pH; ex. bases = total exchangeable bases: ex. = 
exchangeable hydrogen; S. salts = soluble salts at % saturation; ppm P. 
= available phosphorous; NO3 pp. = ÏÏOô producing power; F.C. = % 
moisture relative to field capacity; % sat. = % moisture relative to 
% saturation; T.C. = total counts; A.C. = Arthrobacter counts; % A. = 
% of total counts represented by arthrobacters. 
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Table 8. Factor analysis of data for Site II on October 25 
Rotated factor •inftflT'ng values 
Soil Soil Soil Specific 
acidity fertility structure variance 
Variable factor factor factor of variables 
% si + % cl^ .48 -.38 -.26 .18 
% cl —.12 .8U .12 
% O.M. 
.55 -.76 -.12 .35 
pH .88 -.30 
-.29 .17 
ex. bases 
.77 -.12 -.59 .26 
ex. 
-.99 .111 -.07 .03 
S. salts .90 -.hi -.11 .15 
ppm .83 .61 -.Ijli- .11+ 
ppm ?. 
.75 -.51 -.25 .33 
ppm 
-.83 .52 -.03 .45 
NOÔ pp. .61; .67 -.51 .16 
F.C. 
.37 -.81 -.42 .85 
% sat. -.10 .72 
-.55 .37 
T.C. 
.35 .91 -.20 .24 
A.C. .55 .88 -.21 .29 
f A. .71; -.16 
— .03 .33 
^ si + % cl = % silt + % clay; ^  cl = clay; % O.U. = % organic 
matter; pH = soil pH; ex. bases = total exchangeable bases; ex. n*" = 
exchangeable hydrogen; S. salts = soluble salts at % saturation; ppm P. 
= available phosphorous; NGg pp. = HOÔ producing power; F.C. = % 
moisturnî relative to field capacity; ? sat. = % moisture relative to 
t fe+^Tation; T.C. = total counts; A.C. = Arthrobacter counts; % A. = 
% of total counts represented by arthrobacters. 
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rhizosphere areas betveen rows, the activity of the plant roots could be 
expected to alter values for some of the variables—especially those 
correlated with the soil fertility and acidity factors. The October 25 
sampling date was chosen because by this time the plants were dead and 
there would be no root activity to influence any of the variables; so 
comparisons could be made between the two sampling periods at Site I. 
Site II was chosen because it had been limed; which resulted in different 
values for the soil fertility and acidity factors. The sampling date of 
October 25 was chosen so that comparisons could be made from the same 
sampling period between Sites I and II. 
The variables comprising the soil acidity factor were very highly in-
tercorrelated in both toposequences, which facilitated identification of 
this factor (Tables 6, T, 8). The variables comprising the soil fertility 
factor were all positively intercorrelated except for ppn which was 
highly negatively correlated. This was explained on the basis of the 
other 3 variables comprising this factor increased downslope while the ppm 
NH^ decreased. The two variables in the soil moisture factor were posi­
tively correlated with each other. The total counts and Arthrobacter 
counts were positively correlated with each other while the % of the total 
counts represented by arthrobacters correlated with the Arthrobacter 
counts but not with the total counts (Tables 25, 26, 27). 
The identification of these soil factors (acidity, fertility and 
structure ) was confirmed in the factor analysis of the data by low speci­
fic variance values for the variables comprising these same factors 
(Tables 6, 7, 8). The specific variances of the soil moisture factor 
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variables vere higher than those of the 3 soil factors; indicating that 
more of the variation in the variables comprising the other soil factors 
could "be accounted for in factor analysis than could he for the soil 
moisture variables. The specific variance of the bacterial variables 
Were relatively low in all 3 cases (Tables 6, 7» 8); indicating that much 
of the variation in these variables was accounted for by the soil factors 
generated by the factor analysis. 
During the first sampling period at Site I only two factors accounted 
for 76,805? of the total variance exhibited by all variables; the soil 
acidity and soil .structure factors (Tables 6, 9). The soil acidity fac­
tor accounted for the majority of the total variation (53.72/î) while no 
soil fertility factor was generated for this period as it was for the 
other sampling period at both sites. The absence of a soil fertility 
factor on August 3C zt Site I may be explained by the fact that the corn 
plants were still alive at this time and the roots were actively taking 
up N0~ and phosphorous to such an extent that the soil fertility factor 
was essentially nonexistent. 
At Site I during the first sampling period the soil acidity factor 
was positively correlated with ppm HO", ppa available phosphorous, N0~ 
producing power, Arthrobacter counts, and the % of the total counts re­
presented by arthrobaeters (Table 6). There was a negative correlation 
with ppm and no correlation with the soil structure and soil moisture 
factor variables and one of the bacterial factor variables. The soil 
structure factor was highly negatively correlated with field capacity, 
total counts and Arthfobacter counts. 
37 
Table 9. Total variance raaoved by factors in. factor analysis 
Site 
Sampling 
period Factor 
% of total 
variance re­
moved by factor 
Total variance 
removed by 
all factors i%) 
Site I August 30 Soil acidity 
Soil structure 
53.72 
23.08 76.80 
October 25 Soil acidity 
Soil structure 
Soil fertility 
39.96 
31.00 
9.96 80.92 
Site II October 25 Soil acidity 
Soil fertility 
Soil structure 
35.49 
17.09 
15.26 67.84 
At Site I during the second sampling period (Table 7 ) the soil acid­
ity factor vas again positively correlated with ppm HO", ppm available 
phosphorous, NO" producing power, Arthrobacter counts, and % of the total 
counts represented by arthrobacters. The soil structure factor was high-
]y negatively correlated with % moisture relative to field capacity, total 
counts and Arthrobacter counts. 80.92^ of the total variance of all 
variables was accounted for by the factors analyzed during this period. 
The soil sicidity factor accounted for the greater part of this variation 
(Table 9) and a third factor, soil fertility, was generated; but contrib­
uted only a minor portion (9.96%). The soil fertility factor was 
positively correlated with % moisture relative to % saturation. 
An interpretation of the factor analysis of both sampling periods 
for both sites indicated the followi^ trends. The soil acidity factor 
was the most important factor derived in explaining the variation exhib­
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ited by the bacterial and soil fertility variables. This was explained 
by the effects of lower pH on the bacteria responsible for these variables. 
The chemoautotrophic bacteria of the genera Hitrobacter and Nitroscmonas 
are acid-sensitive; thus, moving downslope as the acidity decreased these 
bacteria became more active as evidenced by the increased ppm NO" ajid 
nitrate producing power and the decreased ppm Due to the acid-
sensitivity of axthrobacters, a very highly intercorrelated cause-and-
effect relationship was observed between decreasing soil acidity and in­
creases in the % of the total counts represented by arthrobacters and 
Arthrobacter counts. 
At Site II (Tables 8, 9) 6? .84% of the total variation for «.n vari­
ables could be accounted for by 3 derived factors. The soil acidity fac­
tor exerted less of an effect (35.^9?) on the other variables than it did 
for either sampling period at Site I. The soil fertility and structure 
factors made similar contributions but the soil fertility factor was more 
predominant (1T.09SS) than it was for Site I. The soil acidity factor 
correlated with the same variables as at Site I, but the correlations were 
not as high in any one case. The soil structure factor was not correlated 
with any variables while the soil fertility factor was positively corre­
lated with the % moisture relative to % saturation and two of the bacter­
ial factor variables. At Site II the soil had been limed to pH 6.9 so 
the variation in the soil acidity factor was not as great as in Site I. 
The same relationships were found at Site II, but the correlations were 
not as high due to the reduced variation in the limed soils and the high­
er soil pH, 
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At both sites the available phosphorous correlated with, the soil 
acidity factor. Soil phosphorous is most available at pH 
6.5 and decreases with increasing acidity as is converted to 
soil acidity factor in any case; which indicated that as the acidity in­
creased and the Arthrobacter counts decreased some type of acid-tolerant 
bacterium increased in numbers. The total counts were negatively 
correlated with the soil structure factor during both sampling periods at 
Site I. This probably represented fluctuations of total counts being 
governed by the soil organic matter distribution and the % clay as the 
correlations between these variables were positive (Tables 25, 26, 27). 
The total Arthrobacter counts fluctuated in the same manner as the total 
bacterial counts, but they decreased steadily while fluctuating, due to 
the soil acidity factor, while the total counts were unaffected by the 
acidity. At Site II the increased contribution of the derived soil 
fertility factor over the soil structure factor probably represented 
high nutrient availability in the limed soils of Site II. The soil fer­
tility factor contributed more to the explanation of the overall varia­
tion of all variables than it did to any cause-and-effect relationships 
between it and the bacterial variables. 
The total variance raaoved by all factors was greater for both 
sampling periods at Site I than for Site II. This was due to the higher 
contribution of the soil acidity factor in the unlimed soils of Site I. 
The 20 to 30/5 of the total variation unaccounted for probably represents 
other environmental factors (soil, plant, climatic) not measured in this 
The total counts were not correlated with the 
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study. There may also be micro-environmental effects on the soil bacteria 
that are either unknown or unmeasurable due to the grnnil scale. Other un­
determined factors might affect the soil fertility or structure factors 
to such an extent that the variation accounted for by these factors may 
be only secondary in nature and is really an expression of some hidden, 
undet ermined factor. 
These results, as discussed above, ii^cated that much of the pat­
terned fluctuations of certain bacterial variables could be attributed to 
changes in certain environmental factors while factor analysis was shown 
to be a useful statistical tool for elucidating these intereorrelations 
among bacterial and environmental variables. 
Nutritional Trends Exhibited by Arthrobacter Isolates vith Respect 
to Toposequence Positions 
Natural selection results in the formation of groups of micro­
organisms adapted to utilizing the nutrients available to them in their 
particular microenvironments. Therefore, various physiological groups 
of bacteria ought to be found associated with particular microenvironments 
in the soil. Since different soil types would in fact represent different 
vTvironments, it ought to be possible to isolate physiological (and taxo-
nomic) groups of bacteria unique to a particular soil type. 
There were k soil types ccœçrising toposequence Site I (Table 1). 
The 160 isolates selected for study were taken (Uo from each soil type) 
from a sampling site in the approximate center of the area designated as 
belonging to a given soil type (Figure 1). Analyses of soil organic 
1+1 
matter have shown that the most identifiable carganic compounds vere a 
wide array of polysaccharides, polypeptides and polyphenols. These three 
classes of compounds comprised the largest portion of those tested in the 
survey as nutritional variables (Tables 2, 10). 
On the utilization of carbohydrates as sole sources of carbon (Table 
10) there was essentially no difference between the % positive scores for 
the U groups of soil isolates. However, the % of the groups of isolates 
that produced acid as a product of this utilization varied frcm 33.5/S with 
the Clarion isolates to l6.0% for the Harps isolates. The acid-producing 
percentages for the Webster and Nicollet isolates were intermediate and 
nearly identical (Table 10). The utilization of aromatic hydrocarbons as 
single sources of carbon was lowest for the Clarion isolates (38.8{S) and 
highest for the Harps isolates {.16.0%), with the other two groups of soil 
isolates being intermediate. The % utilization of aliphatic amino acids 
as carbon sources was lowest for the Clarion isolates {hi.9%) and increased 
through the Nicollet and Webster soil groups to the highest for the Harps 
isolates {.6k.8%). Significant differences were found only for the 3 above 
mentioned classes of compoiinds. In the % acid-producers there was a 32.2% 
difference between the highest and lowest values, a h8,S% difference for 
the % utilization of aromatic hydrocarbons and a 35.3% difference for the 
% utilization of aliphatic amino acids as carbon sources. In the other 6 
classes of compounds tested as carbon sources (Table 10) there was, in 
all cases, less than a 15.0? difference between the lowest and the highest 
values. This low % difference in these other classes of compounds was not 
significant and vas explained as, normal variation between nearly identical. 
Table 10, Percent positive scores on nutritional variables by Uo isolates from each of 4 soil 
types and 23 identified controls 
Nutritional No. in each Soil type Named 
variable variable Clarion Nicollet Webster Harps strains 
Carbon Sources 
Growth on CHô's'^ 
Acid from Cho's 
Growth on F»A. 
Growth on Amine:! 
Growth on A. H. 
Growth on DiC. A, 
Growth on 0, A, 
Growth on Poly. A. 
Growth on Al. AA. 
Growth on Ar. AA. 
Nitrogen Sources 
Growth on In-N. 
Growth on Or-N. 
Growth on Amines 
Dye Tolerance 
Growth on Dyes 
22 
22 
10 
8 
35 
5 
k 
3 
25 
9 
6 
28 
8 
18 
89.5 
33.5 
62.5 
13.2 
38.8 
9U.0 
85.5 
92.0 
41.9 
47.5 
95.0 
77.7 
7.5 
1*2.0 
89.0 
21.3 
63.0 
15.0 
46.0 
91.5 
87.5 
91.0 
48.7 
46.5 
94.5 
76.9 
6.3 
45.4 
87.6 
21.8 
59.8 
13.7 
57.0 
89.5 
91.0 
89.0 
55.9 
45.5 
88.0 
73.0 
3.4 
40.4 
83.5 
16.0 
52.6 
14.1 
76.0 
82.0 
82.0 
84.0 
64.8 
42.0 
88.5 
75.3 
4.4 
28.4 
62.5 
20,2 
17.0 
14.1 
35.5 
63.0 
65.0 
63.0 
34.0 
44.0 
68.0 
61.0 
0 .6  
51.0 
Cho's = carbohydrates; F. A. = fatty acids; A. H. = aromatic hydrocarbons; DiC. A. = 
dicarboxylic acids; 0. A. = organic acids; Poly. A. = polyalcohols; Al. AA. = aliphatic amino 
acids; Ar. AA. = aromatic amino acids; In-N, = inorganic nitrogen; Or-N, = organic nitrogen. 
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results. 
All 4 groups of soil isolates responded in very similar ways (account­
able by normal variation) in the % positives in the utilization of the 3 
classes of compounds tested as single sources of nitrogen. With respect 
to dye tolerances (Table 10), 3 of the soil groups were very similar in 
the % positives tolerating the dyes while the Harps isolates were signif­
icantly lower with a 32.4^ decrease. 
The named strains (controls) gave varied results on the utilization 
of the different compounds when compared to the k groups of soil isolates. 
In general the controls did not exhibit the nutritional diversity of the 
soil isolates. The named strains responded with significantly lower per­
centages of positive scores in the utilization of 6 of the groups of car­
bon sources and all 3 groups of nitrogen sources (Table 10). The named 
strains scored higher than any of the groups of isolates only in the dye-
tolerance tests and gave intermediate results when compared to the iso­
lates in the utilization of amines, aromatic hydrocarbons and aromatic 
amino acids as carbon sources and acid production from carbohydrates. 
Significant trends in nutritional diversity among the U groups of 
soil isolates were found only in 3 classes of nutritional variables; which 
were the same as those comprising the largest portion of identifiable 
inaterial in soil organic matter. These were the polysaccharides (carbo­
hydrates), polypeptides (amino acids) and polyphenol derivatives (aromatic 
hydrocarbons). The lack of any significant trends for any of the other 
classes of carbon or nitrogen compounds, represented either an overall 
nutritional similarity among the groups of isolates with respect to these 
kh 
classes of compounds; or, too fev compounds were included in these other 
classes to allow detection of any possible trends. The lower degree of 
nutritional diversity exhibited "by the named strains might be explained 
in the fact that these cultures had been grown on artificial media for 
many years and, through lack of exposure, had lost the enzymatic capa­
bilities to utilize sane of these compounds that they at one time 
possessed. 
Taxonomic Trends Exhibited by Arthrobacter Isolates with Respect to 
Toposequence Positions 
The nutritional trends discussed in the preceding section indicated 
that the groups of arthrobacters from each soil type have adapted, through 
natural selection, to utilisation of nutrients most readily available to 
them in their different environments. This demonstration of the existence 
of physiological groups of isolates that can be differentiated by nutri­
tional patterns leads to assumptions concerning the taxonomic positions of 
these groups. In other words, it ought to be possible to differentiate 
these same physiological groups into clusters of arthrobacters as defined 
by numerical taxonomic techniques. 
Of the 203 tests performed on each isolate, U9 tests were either a.11 
C-) or all (+) for all 183 cultures and were not included in the taxonomic 
analysis. In addition, production of acid from carbohydrates was deter­
mined to be too variable to include in the analysis because many isolates 
did not consistently produce acid frcm certain carbohydrates when the 
tests were repeated; so these 22 additional tests were discarded. The 
taxonomic analysis then consisted of 132 tests determined for each of 
183 isolates. 
The computer vas instructed to print a dendrogram showing the rela­
tionships between isolates on the "basis of the numbers of similar features 
which they possessed. As each isolate was compared to every other isolate, 
the computer print-out consisted of a lengthy and very complex system of 
183 interconnecting lines; each representing the position of one culture 
with respect to SLU the others. To simplify the information in the den­
drogram a bar diagram was designed and is presented schematically in 
Figure 2. The bar diagram was constructed by using the lowest S value 
for the different clusters as a base line. The height of a particular 
cluster in the diagram was determined by the highest and lowest S values 
possessed by the isolates in the cluster. A cluster base line is the 
level of similarity where the cluster is joined by other clusters into 
one larger cluster while the other higher divisions within each cluster 
are the S levels where the cluster deteriorates into subdivisions. The 
width of each cluster is related to the ntimber of subdivisions within 
each cluster. 
The bar diagram of the isolates (Figure 2) could readily be divided 
into 3 categories. Category 1 consisted of 9 separate, unmixed clusters 
and contained 8U isolates with 87 to 9k% S values. Category 2 consisted 
of 5 mixed but- recognizable clusters and contained 39 isolates with 8It to 
86/5 S values. Category 3 (not shown in Figure 2) consisted of randomly 
mixed isolates with no identifiable clusters and contained 60 isolates 
with 72 to 83% S values. 
Category 1 was divided into 2 subdivisions, A and B (Figure 2). Sub-
Figure ?. Bar diagram showing Categories 1 and 2. The diagram was 
slightly modified from the computer xirint-out. The letters 
in the heading and in the dendrogram are code designations 
abbreviated as follows: C. = Clarion; 7? = Nicollet; W = 
Webster; H = Farts; K = Named Strains. The numbers in the 
headings and in the dendrogram are the numbers of cultures 
in a particular cluster. 
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division A contained lj-6 isolates in 5 clusters vith 91 to 95^ S values. 
Each of the 5 clusters in subdivision A were separate, unmixed and readily 
identifiable. As these clusters were based on the results of the physio­
logical tests (preceding section), it was possible to differentiate be­
tween the clusters on the basis of the results of 11 of the 132 compounds 
tested (Table 11). Each cluster can be distinguished from the other 4 
Table 11. Differentiation of the 5 clusters in subdivision A, Category 
1, on the basis of utilization of 11 different compounds 
Soil type: Clarion Nicollet Nicollet Webster Harps 
Compound No. in cluster: 14 7 6 8 11 
gentisic acid _a _ + V 
shikimic acid - - + + + 
^T-aminobutyric acid + - + + + 
L-cystine - V - V + 
L-arginine + - + + + 
L-isoleucine V + + - + 
L-valine + + V - + 
D,L-valine + - - - V 
L-tyramine V - - V 
methionine - - - - + 
VAni n i r anid V + 
^C+) = utilization by all isolates in the cluster; (-) = no utili­
zation by any isolates in the cluster; (v) = variable response. 
other clusters on the basis of at least 3 of the 11 compounds. These 11 
compounds were the only ones (of 132 tested) that exhibited suitable re­
sults which allowed differentiations to be made. The clusters in sub­
division A were all at least 91!^ similar, which explained the small number 
of tests available to distinguish between these clusters. 
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Subdivision B of Category 1 consisted of U clusters (one fran each 
soil type) and contained 38 isolates with 8% to 88% S values. These 
clusters were similar to those of subdivision A in that they were separate, 
unmixed and readily identifiable. However, unlike subdivision A, the 
clusters in subdivision B could not be adequately differentiated from 
each other on the basis of the results of the physiological tests. The 
explanation of this lies in the fact that as the S values for the clusters 
decrease, the dissimilarity between the isolates within the clusters in­
creases. This means that the chances of finding any given variable on 
which all of the isolates within any cluster give identical responses is 
lessened. This increased variation accounted for the clusters in sub­
division B exhibiting a very large number of variable responses, which 
were useless for differentiation. There was a sharp "cut-off-point" be­
tween subdivisions A and B in this respect. 
Category 2 consisted of 5 clusters and contained 39 isolates with 
8U to 86? S values c These clusters were recognisable as such (Figure 2) 
but, unlike those in Category 1, were mixed together and much less sharply 
separated. One cluster from each soil type was contained in this category 
and the first cluster composed of the named strains was found here. Due 
to the decrease in S values for these clusters in Category 2, no physiolog­
ical differentiation was possible at this level. 
Category 3 contained roughly 1/3 of the total cultures and formed a 
"background" frcm which the more closely related isolates were clustered 
and removed. The isolates in Category 3 probably represent separate 
species within the genus Arthrobacter as they exhibited S values no great­
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er than 83$. 
Category 2 contained roughly 1/6 of the cultures. The mixed clusters 
within this category probably represent groups of more closely related 
species (higher S values) but still contained sufficient variation which 
disallowed differentiation of the clusters on the basis of the soil type 
from which the isolates comprising the clusters were obtained. Category 
1 contained roughly 1/2 of the total cultures. Subdivision B represented 
groups of highly similar species which were organized into unmixed 
clusters and recognizable on the basis of belonging to a certain soil 
type. Subdivision A represented groups of very similar species or strains 
of one or two major species for each cluster. These clusters were recog­
nizable on the basis of belonging to a certain soil type and, at this 
level, the clusters could be differentiated from each other on the basis 
of responses from a relatively small nimber of the total nutritional 
variables. 
As can be seen from Figure 2, the clusters from the various soil 
types were fairly evenly distributed within Categories 1 and 2. No on'=> 
group of isolates from any one soil type was numerically predominant 
over the others; which indicated that there were numbers of closely re­
lated species in each of the soils examined (Category l) as well as a 
larger number of more distantly related species (Categories 2 and 3). 
None of the named strains clustered with any of the clusters of soil 
isolates in Category 1. Evidence already presented (see LITERATURE 
REVIEW section) suggested that, in the genus Arthrobacter, the species 
aJxeady described do not represent the diversity of the genus. The 
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results of the nutritional survey and the taxonomic study supported this 
evidence. Stanier e^ al. C1966I discussed the taxonomy of soil pseudo-
monads and found that the internal taxonomy of this genus was complicated 
because the various species could be differentiated from each other only 
on the basis of large constellations of phenotypic characters shared, in 
different combinations, by the individual strains which they comprised. 
This interpretation can also be applied to the results of this taxonomic 
survey of soil arthrobacters, with respect to both the soil isolates and 
the named strains. 
In this respect the information obtained from this survey had little 
taxonomic validity in the classical sense of typological identification. 
However, it did indicate that the majority of the soil isolates were, on 
the basis of the physiological tests performed, so different from the 
named strains tested that it became necessary to question the validity of 
classical schemes of identification for isolates within this diverse 
genus. The nutritions! sisrvej'" demonstrated the existence of different 
physiological groups of isolates from within the different soils. The 
tajconomic survey demonstrated that, on the basis of the same physiological 
tests, these physiological groups could be arranged, by numerical taxo­
nomic techniques, into discontinuous clusters of physiologically related 
populations. 
Ravin (1963) introduced the concept of the taxospecies as a group of 
bacteria related through a high, degree of overall similarity which could 
be distinguished frtai other groups of "bacteria having equally high 
similarity values. In this case, the physiologically related clusters of 
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isolates in Category 1, Figure 2 vould represent distinct taxospecies. 
If natural selection has resulted in the formation of groups of bacteria 
(taxospecies) adapted to utilizing the nutrients most readily available 
to them in their micro environnent s, then these taxospecies would be unique 
to their particular environment. The term "ecospecies" is hereby pro­
posed and is defined as a group of bacteria related through overall simi­
larity that has evolved, through natural selection in a particular micro-
environment (or niche), into bacteria vhich are unique with respect to 
both physiological and genetic characteristics. The difference, then, 
between a taxospecies and the proposed "ecospecies" would be the unique­
ness to a particular environment of an "ecospecies." The novel feature 
of these "ecospecies" would be their limited geographical distribution, 
the extent of which would be determined by the scale of the particular 
habitat in which they evolved. In this study the clusters of taxo­
species (related through overall similarities) in Category 1, Figure 2 
would also represent distinct "ecospecies" on the basis of the "aniqae-
ness of each of the clusters to a particular soil type or to a particular 
set of ecological parameters in a given soil. 
Mary investigators (Stanier et al., 1966; Skyring and Quadling, 
1969; Lowe and Gray, 19T2) have noted the difficulty of identifying many 
soil bacteria to the species level. If these soil bacteria were actually 
"ecospecies," then their unique characteristics would confound any attempts 
at comparative species identification. In this respect, differentiation 
of "ecospecies" which, possessed high similarity coefficients could be 
Accomplished by the use of certain standardized tests such, as those in 
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Table 11 vhich vere used to differentiate "betveen the clusters in sub­
division A, Category 1 of Figure 2. This- approach could possibly lead 
to useful schemes of species identification for many of the diverse 
genera of bacteria cctnmonly found in soils. The results of the physio­
logical and taxonomic surveys conducted in this study are presented as 
evidence in support of this possibility. 
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SUMMARY AHD CONCLUSIONS 
A computerized factor analysis program was used to analyze the corre­
lations between 11 soil, 2 moisture and 3 bacterial variables. Three fac­
tors were derived from the data and these were labeled soil structure, 
soil fertility and soil acidity factors. The soil structure factor was 
composed of the % silt plus % clay, % clay and % organic matter variables. 
The soil fertility factor contained the ppm NO", ppm NH^, NO" producing 
power and ppm available phosphorous variables while the soil acidity fac­
tor was composed of the soil pH, soluble salts at % saturation, total 
exchangeable bases and exchangeable hydrogen variables. 
At Site I during both sampling periods the soil acidity factor was 
positively correlated with ppm NO", ppm available phosphorous, NO" pro­
ducing power, Arthrobacter counts and the % of the total counts represented 
by arthrobacter s, and negatively correlated with the ppm NH^ . The soil 
structure factor was negatively correlated with the total counts and the 
Arthrobacter counts. At Site II the soil acidity factor was correlated 
with the same variables as in Site I, but the degrees of correlation were 
not as great. 
At Site I, increases in soil acidity resulted in decreases in the ppm 
NO" and NO" producing power and increases in the ppm NH^. This was an 
expression of the decreased activity, due to acid sensitivity, of the 
nitrifying bacteria Nitrosomonas and Nitrobacter. The increased soil 
acidity was responsible for the decreased % of the total counts represented 
by arthrobacters due to their acid-sensitivity. 
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The total counts and Arthrohacter counts were influenced strongly by 
the soil structure factor and, to a lesser degree, by the soil acidity 
factor. At Site II "the same relationships were found but, due to the de­
creased variation in the variables caused by the limed conditions, the 
correlations were not as great as those for Site I. 
Concerning the nutritional survey, 3 significant trends were observed 
among the 4 groups of soil isolates for 3 different classes of tests: 
acid production from carbohydrates, utilization of arcana tic hydrocarbons 
and aliphatic amino acids as sole sources of carbon. The percentages of 
the isolates from each soil type that gave a positive response decreased 
downslope with respect to the production of acid from carbohydrates and 
increased downslope with respect to the utilization of arcmatic hydro­
carbons and aliphatic amino acids. No trends were observed on any of the 
other classes of compounds tested. The Arthrdbacter named strains did not 
exhibit the nutritional diversity of the soil isolates and the % positives 
for the named strains for any class of compounds was generally less than 
that of any of the 4 groups of soil isolates. 
A computerized tree-sort program was used to determine Similarity 
CS) values by comparing each culture to every other culture, and the re­
sults in the form of a dendrogram; frcm which a bar diagram was constructed. 
The results of the taxonomic survey supported previous evidence which in­
dicated that the diversity of the genus Arthfobacter was not represented 
by the species already described. The data indicated that the tight 
clusters in Category 1, Figure 2 (RESULTS AND DISCUSSION) might represent 
"ecospeciesi" which are groups of closely related bacteria that have 
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evolved, through natural selection in a particular microenvironment, into 
bacteria possessing unique characteristics vhich enable them to be differ­
entiated frcm all other species in the genus Arthrobacter. 
The premise of the factor analysis approach was to determine if the 
patterned fluctuations in either the total bacterial counts or the Arthro-
bacter counts could be attributed to changes in any of the measurable 
environmental parameters vhich were present in the particular soils exam­
ined in this study. The results, as previously discussed, supported this 
premise. Other investigations such as those by Norton et al. (1971) and 
Nyhan et al. (.1972) have used this procedure to correlate nematode popula­
tions with soil factors, but this study presented an original investiga­
tion by using this approach with bacterial populations. In this study 
arthr obac ter s were used as the test organism and, as many other types of 
bacteria could have been used, the potential applications of this approach 
are numerous. 
If populations of certain types of bacteria are controlled, to a large 
extent, by various soil factors (such as soil acidity with the arthrobac­
ter s in this study); then the possibilities exist of altering these same 
soil factors to effect changes in the bacterial populations. In this re­
spect, correlations of soil-borne plant-pathogenic microorganisms with 
soil factors might enable these same factors to be altered in such a way 
as to reduce or eliminate either the pathogens themselves or the effects 
of their pathogenicity. Also, correlations of environmental factors with 
microbial populations n^ht allow the effects of soil amendments such as 
pesticides or sludge residues to be more thoroughly evaluated. If these 
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amendments represented either additional or if they altered already exist­
ing environmental factors and, if these alterations or additions caused 
changes in the populations of certain types of "bacteria, then these 
changes could be carefully monitored and their possible effects predicted. 
In other words, certain microorganisms might act as indicators of changes 
occurring in the soil environment as a result of amendments to the soil. 
In conclusion, the hypothesis of this study was thoroughly tested as 
it examined the major nutritional categories and taxoncmic positions of 
160 Arthrohacter soil isolates and 23 named strains; it determined the % 
of the total isolatahle bacteria, from a variety of soils, represented by 
arthrobacters and it determined cause-and-effect relationships between 
variations in soil properties and changes within the Arthrobacter and total 
bacterial populations from these same soils. 
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APPENDIX 
6U 
Table 12. Particle size analysis, soil pH, exchangeable hydrogen and 
percent soil organic matter values for Site I on August 30 
Topose-
quence Particle size ana^sis 
position % Sand % Silt % Clay 
% Soil 
Soil Exchangeable organic 
pH hydrogen matter 
Siimmit 1 
Summit 2 
31.43 
31.07 
4l.l6 
41.81 
27.42 
27.08 
5.36 
5.54 
10.44 
9.47 
5.75 
5.90 
Average 31.25 41.49 27.25 5.45 9.96 5.83 
Shoulder 3 
Shoulder 4 
37.27 
54.32 
38.34 
27.93 
24.09 
17.75 
5.93 
6,15 
8.46 
8.59 
5.80 
3.93 
Average 45.80 33.14 20.92 6.04 8.53 4.87 
Backslope 5 
Backslope 6 
Backslope 7 
56.56 
49.08 
35.86 
25.03 
29.10 
40.23 
18.41 
21.82 
24.92 
6.23 
6.30 
6.39 
7.72 
6.33 
6.06 
3.63 
4.10 
4.80 
Average 47.17 31.45 21.72 6.31 6.70 4.18 
Footslope 8 
Footslope 9 
Footslope 10 
33.48 
30.35 
22.46 
38.40 
37.33 
35.78 
28.12 
32.38 
41.75 
6.58 
6.90 
7.25 
5.02 
3.75 
3.01 
5.43 
5.88 
6.23 
Average 28.76 37.17 34.08 6.71 3.93 5.85 
Toeslope 11 
Toeslope 12 
24.35 
23.79 
35.71 
35.91 
39.94 
40.31 
7.40 
7.35 
2.04 
2.41 
6.65 
6.28 
Average 24.16 35.81 40.13 7.38 2.23 6.47 
E^xchangeable hydrogen expressed as meq H^ /100 gms soil. 
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Table 13. Particle size analysis, soil pH, exchangeable hudrogen and 
percent soil organic matter values for Site I on October 25 
Topese— $ Soil 
quence Particle size analysis Soil Exchangeable^ organic 
position % Sand % Silt % Clay pH hydrogen matter 
Siiramit 1 31.43 41. 16 27.42 5.68 8. 09 5.75 
Siinnnrt 2 31.07 41, .81 27.08 5.90 7. 17 5.90 
Average 31.25 41. 49 27.25 5.79 7. 63 5.83 
Shoulder 3 37.27 38. 34 24.09 6.08 6. 73 5.80 
Shoulder It 5k.32 27. 93 17.75 6.15 6, .28 3.93 
Average 45.80 33 .14 20.92 6.12 6, .51 4.87 
Backslope 5 56.56 25. 03 18.41 6.33 5. 20 3.63 
Backslope 6 49.08 29 .10 21.82 6.15 4, .86 4.10 
Backslope 7 35.86 40, .23 24.92 6.25 5. 19 4.80 
Average 47.17 31 .45 21.72 6.24 5 .08 4.18 
Footslope 8 33.48 38 .40 28.12 6.68 4 .39 5.43 
Footslope 9 30.35 37 .33 32.38 6.95 4 .49 5.88 
Footslope 10 22.46 35 .78 41.75 7.25 3 .22 6.23 
Average 28.76 37 .17 34.08 6.96 4 .03 5.85 
Toeslope 11 24.35 35 .71 39-94 7.48 2 .35 6.65 
Toeslope 12 23.79 35 .91 35.91 7.35 2 .41 6.28 
Average 24.16 35 .81 40.13 7.42 2 .38 6.47 
Exchangeable hydrogen expressed as meq H /lOO gms soil. 
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Table lU. Particle size analysis, soil pH, exchangeable hydrogen and 
percent soil organic matter yalues for Site II on October 25 
Topose-
quence Particle size analysis 
position % Sand % Silt % Clay 
a. ^ Soil 
Soil Exchangeable organic 
pH hydrogen matter 
Summit 1 
Summit 2 
29.99 
29.95 
41.03 
39.74 
28.98 
30.32 
6.88 
6.93 
4.46 
4.58 
5.45 
4.80 
Average 29.97 40.39 29.65 6.91 4.52 5.13 
Shoulder 3 
Shoulder 4 
32.02 
31.22 
38.43 
37.92 
29.56 
30.86 
6.93 
6.88 
4.36 
3.96 
4.63 
3.88 
Average 31.62 38.18 30.21 6.91 4.16 4.26 
Backslope 5 
Backslope 6 
Backslope 7 
31.33 
26.89 
2k.80 
37.25 
41.49 
43.86 
31.43 
31.63 
31.34 
6.95 
7.10 
7.08 
3.82 
3.44 
3.09 
3.30 
3.88 
5.03 
Average 27.67 40.87 31.47 7.04 3.45 4.07 
Footslope 8 
Footslope 9 
Footslope 10 
23.49 
19.83 
16.29 
45.16 
49.03 
54.31 
31.35 
31.28 
29.41 
7.05 
7.13 
7.25 
2.90 
2.71 
2.51 
5.78 
5.88 
6.03 
Average 19.87 49.50 30.68 7.14 2.71 5.90 
Toeslope 11 
Toeslope 12 
11.63 
11.91 
59.21 
60.61 
29.17 
27.49 
7.35 
7.40 
2.57 
2.56 
6.18 
6.15 
Average 11.77 59.91 28.33 7.38 2.57 6.17 
E^xchangeable hydrogen expressed as meq. H^ /100 gms soil. 
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Table 15. Nitrate producing power, total exchangeable bases, ppm NO", 
ppm ajid ppa available phosphorous values for Site I 
on August 30 
BL ID Topose- " Nitrate Total ppm 
q.uence producing exchangeable ppm ppç available 
positions power bases NOg NHj^ phosphorous 
Summit 1 28.07 11. 46 1.10 4.50 1.45 
Summit 2 41.83 12. 92 1.20 3.90 1.50 
Average 34.95 12. 19 1.15 4,20 1.48 
Shoulder 3 51.32 15. 27 1.85 3.65 1.65 
Shoulder k 60.07 17. ,42 2.30 2.90 1.80 
Average 55.70 16. .35 2.08 3.28 1.73 
Backslope 5 68.84 17. ,76 2.55 2.85 1.95 
Backslope 6 74.34 19. 33 2.95 2.70 1.95 
Backslope T 85.57 19. 81 3.50 2.35 2.00 
Average 76.25 18. 97 3.00 1.63 1.97 
Footslope 8 94.51 21. 15 3.95 2.05 1.98 
Footslope 9 99.39 22. 74 5.00 1.95 2.12 
Footslope 10 106.56 25. 49 6.00 1.70 2.05 
Average 100.15 23. 13 4.96 1.90 2.05 
Toeslope 11 112.08 27. 26 8.35 1.50 1.90 
Toeslope 12 118.52 29. 92 8.35 1.65 2.00 
Average 115.30 28, .59 8.35 1.58 1.95 
^îitrate producing power expressed as ppm. 
^Total exchangeable bases expressed as meq. bases/100 gms soil. 
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Table l6. Nitrat^ producing power, total exchangeable bases, ppm NO3, 
ppm NHj^. and ppm available phosphorous values for Site I 
on October 25 
Q, 1^ 
Topose- Nitrate Total ppm 
quence producing exchangeable ppm ppm available 
positions power bases ÏÏO^ phosphorous 
Summit 1 36.30 15. ,60 0. 92 9.75 1.65 
Summit 2 37.00 17. ,80 0. 93 5.50 1.U5 
Average 36.65 16. 70 0. 93 7.63 1.55 
Shoulder 3 38.35 17. 50 1. 75 k.75 1.38 
Shoulder U 37.50 18. 60 2. 85 k.70 1.33 
Average 37.93 18. 05 2. 30 lt.73 1.36 
Backslope 5 kk.36 19. 50 h.. 60 k.OO 1.93 
Backslope 6 53.05 21, .00 7. ,80 3.70 2.05 
Backslope 7 66.31 22, .30 7. 80 2.50 2.13 
Average 5k.57 20 .93 6, .73 3.40 2.0k 
Footslope 8 78,06 23 ohO 9, .90 2.35 1.95 
Footslope 9 89.02 2k .ItO 12 .50 2.05 2,08 
Footslope 10 98.85 25 .50 18 .00 1.95 2.23 
Average 88.64 2h .h3 13. 2.17 2.09 
Toeslope 11 100.30 29 .50 33 .00 I.U5 2.25 
Toeslope 12 105.36 30 .ho 37 .00 i.Uo 2.38 
Average 102.83 29 .95 35 .00 1.U3 2.32 
^Nitrate producing power expressed as ppm. 
^Total exchangeable bases expressed as meq. bases/100 gms soil. 
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Table 17, Nitrate producing pover, total exchajigeable bases, ppm NO^, 
ppm and ppm available phosphorous values for Site II 
on October 25 
Topose- Nitrate Total 
qiuence producing exchangeable ppm ppm 
positions power bases NO3 
ppm 
available 
phosphorous 
Summit 1 
SuTTimit 2 
81.00 
83.84 
21.60 
19.20 
10-50 
12.52 
2.76 
2.43 
2.05 
2.18 
Average 82.42 20.40 11.51 2.60 2.12 
Shoulder 3 
Shoulder U 
88.06 
74.81 
19.20 
21.20 
11.88 
12.21 
2.82 
3.20 
2.05 
2.04 
Average 81.44 20.20 12.05 3.01 2.05 
Backslope 5 
Backslope 6 
Backslope 7 
71.82 
72.37 
76.84 
21.90 
21.00 
20.00 
11.53 
14.54 
16.37 
2.95 
2.26 
1.96 
1.88 
2.09 
2.28 
Average 73.68 20.97 14.15 2.39 2.08 
Footslope 8 
Footslope 9 
Footslope 10 
88.36 
96.32 
112.56 
21.40 
22.00 
25.50 
17.87 
19.52 
29.04 
1.83 
1.74 
1.52 
2.33 
2.44 
2.33 
Average 99.08 22.97 22.14 1.70 2.37 
Toeslope 11 
Toeslope 12 
117.12 
118.10 
27.20 
27.50 
35.03 
37.06 
1.30 
1.46 
2.60 
2.80 
Average 117.61 27.35 36.05 1.38 2.70 
^Nitrate producing power expressed as ppm, 
^Total exchangeable bases expressed as meq bases/100 gms soil. 
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Table 18. Saturation, percent, percent soil moisture relative to percent 
saturation and total soluble cation values for Site I on 
August 30 
Topose- % Moisture Total soluble 
quence Saturation relative to cations at ^ 
position % % saturation % saturation 
Summit 1 U5.U5 34.98 0.17 
Summit 2 46.80 34.61 0.21 
Average 46.13 34.80 0.19 
Shoulder 3 45.55 36.88 0.26 
Shoulder U 37.60 35.64 0.20 
Average 41.58 36.26 0.23 
Backslope 5 35.80 36.87 0.27 
Backslope 6 38.60 35.23 0.31 
Backslope T 50.60 34.39 0.45 
Average 41.67 35.50 0.34 
Footslope 8 49.05 38.12 0.60 
Footslope 9 48.85 43.40 0.67 
Footslope 10 61.30 37.68 0.81 
Average 53.07 39.73 0.69 
Toeslope 11 56.30 42.27 0.84 
Toeslope 12 57.90 41.28 0.89 
Average 57.10 41.78 0.87 
T^otal soluble cations expressed as meq. cations/100 gas soil. 
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Table 19. Saturation percent, percent soil moisture relative to percent 
saturation and. total soluble cation value fçr Site I on 
October 25 
Topose- % Moisture Total soluble 
quence Saturation relative to cations at ^  
position % % saturation % saturation 
Summit 1 U5.U5 i+U.88 0.22 
Summit 2 U6.8O 39.74 0.26 
Average U6.I3 U2.31 0.24 
Shoulder 3 U5.55 43.47 0.31 
Shoulder 4 37.60 46.28 0.27 
Average Ul.58 44.88 0.29 
Backslope 5 35.80 49.44 0.31 
Backslope 6 38.60 43.01 0.37 
Backslope 7 50.60 42.49 0.52 
Average Ul.67 44.98 0.40 
Footslope 8 49.05 43.43 0.67 
Footslope 9 U8.85 49.95 0.75 
Footslope 10 61.30 47.96 0.86 
Average 53.07 47.11 0.76 
Toeslope 11 56.30 50.62 0.91 
Toeslope 12 57.90 48.34 0.96 
Average 57.10 49.48 0.94 
T^otal soluble cations expressed as meq cations/100 soil. 
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Table 20. Saturation percent, percent soil moisture relative to percent 
saturation and total soluble cation values for Site II on 
October 25 
Topose- % Moisture Total soluble 
quence Saturation relative to cations at 
position % % saturation % saturation 
Summit 1 48.96 51.76 0.34 
Summit 2 48.63 55.04 0.36 
Average 48.80 53.40 0.35 
Shoulder 3 46.11 59.38 0.39 
Shoulder k 38.20 45.61 0.31 
Average 42.16 52.50 0.35 
Backslope 5 39.54 47.90 0.40 
Backslope 6 40.92 48.43 0.52 
Backslope 7 52.56 44.27 0.60 
Average 44.34 46.87 0.51 
Footslope 8 57.30 47.84 0.75 
Footslope 9 56.26 53.06 0.83 
Footslope 10 60.17 53.01 0.90 
Ù 0 57.90 51.3c 0.83 
Toeslope 11 62.24 57.53 0.97 
Toeslope 12 63.13 54.85 1.06 
Average 62.69 56.19 1.02 
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Table 21. Field capacity vaj.ues and soil moisture values, expressed 
as a percentage of field capacity for both toposequences 
Topose­
quence Si,te I, Aug. 3Q . Site. I, Oct. 25 Site II, Oct. 25 
position F.C.a % SM^- FTcl % SM F.C. % SM 
Summit 1 2k.k 65.2 2U. k 83. 5 28.1 90. 0 
Summit 2 23-1 70.1 23. 1 80. 5 28.1 95. 0 
Average 23.8 67.7 23. 8 82. 0 28.1 92. 5 
Shoulder 3 26.5 63.U 26. 5 75. ,0 28.2 97. ,0 
Shoulder U 2U.1 55.6 24. ,1 72. ,0 21.8 79. ,5 
Average 25.3 59.5 25. 3 73. .5 25.0 88. 3 
Backslope 5 24.0 55.0 2U, ,0 73. 5 2k.3 77. 5 
Backslope 6 25.1 5U.2 25. ,1 66, ,0 26.5 75. 0 
Backslope 7 25.5 68.2 25. 5 8k. ,0 28.5 81, .5 
Average 2k.9 59.1 2k. 9 Ik. 5 26.U 78, .0 
Footslope 8 2U.7 75.7 2k. 7 86. 0 29.1 94. 0 
Footslope 9 26.5 80.0 26 .5 92 .0 30.1 99 ,0 
Footslope 10 28.7 80.1 28 .7 103 .0 31.5 101 .0 
Average 26.6 78.6 26, .6 93 30.2 98 .0 
Toeslope 11 28.1 8U.7 28 .1 101 .0 32.5 108 .0 
Toeslope 12 27.6 86.6 27 .6 102 .0 32.5 106 .0 
Average 27.9 85.7 27 .9 102 .0 32.5 107 .0 
^.C. = 
SM = 
field capacity percent moisture. 
% soil moisture expressed as a percent of field capacity. 
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Table 22. Total counts, Arthrobacter counts and percent of total 
counts repres.ented by arthrobacters, for Site I on 
August 30 
Topose- b 
quenee Total Arthrobacter % 
position counts- counts arthrobacters 
Summit 1 
Summit 2 
1.3x10^ 
1.2X109 
6.9x10? 
6.3x10? 
5.31 
5.25 
Average 1.3X109 6.6x10? 5.28 
Shoulder 3 
Shoulder U 
1.0xl09 
3.5x107 
5-9x10? 
2.2x10° 
5.90 
6.29 
Average 5.2x10^ 3.1x10? 6.10 
Backslope 5 
Backslope 6 
Backslope 7 
7.0x10% 
7.5x10% 
1.7x10° 
4.8x10^ 
5.5x10° 
1.6x10? 
6.86 
7.33 
9.UI 
Average l.lxloG 8.8x10^ 7.87 
Footslope 8 
Footslope 9 
Footslope 10 
3.5x108 
k.7xlO° 
5.5x10* 
1^.7x10? 
7.8x10? 
1.1x10° 
13.k3 
16.59 
20.00 
Average 4.6x10* 7.8x10? 16.67 
Toeslope 11 
Toeslope 12 
6.0X108 
6.2x10° 
1.3x10^ 
1.3x10* 
21.66 
20.97 
Average 6.1X10^ 1.3x10^ 21.32 
^*^Total counts and. Ar-tbr-obacter counts expressed as number of 
bacteria/gm soil. 
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Table 23. Total counts, Arthrobacter counts and percent of total 
counts represented by arthrobacters for Site I on 
October 25 
Topose-
quence Total®" Arthrobacter % 
position counts counts arthrobacters 
Summit 1 
Summit 2 
1.7x10^ 
1.4x10° 
7.4x10^ 
7.0x10° 
4.35 
5.00 
Average 1.6x10^ 7.2x10^ 4.68 
Shoulder 3 
Shoulder 4 
1.3x10® 
2.6x10° 
7.8x10^ 
1.7X105 
6.00 
6.50 
Average 6.6x10? 4.0x10^ 6.25 
Backslope 5 
Backslope 6 
Backslope T 
6.0x10^ 
4.2x10? 
4.2x10? 
4.5X105 
3.4x10° 
3.9x10° 
7.50 
8.10 
9.30 
Average 3.0x10? 2.6x10^ 8.30 
Footslope 8 
Footslope 9 
Footsiope 10 
9.9x10? 
2.6x10° 
2.6x10° 
1.2x10? 
4.6x10? 
5.1x10? 
12.12 
17.69 
19.62 
Average 2.1x10® 3.6x10? 16.48 
Toeslope 11 
Toeslope 12 
2.7x10® 
2.1x10° 
6.2x10? 
5.0x10? 
22.96 
23.81 
Average 2.4x10® 5.6x10? 23.39 
°s~Total counts and Arthrobacter counts expressed as number of 
bacteria/gm soil. 
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Table 2k. Total counts, Artbrobacter counts and percent of total 
counts represented by arthrobacters for Site II on 
October 25 
Topose-
quence Total®" Artbrobacter^ % 
position counts counts arthrobacters 
Summit 1 
Summit 2 
1.2x10^ 
1.3x10° 
1.8x10? 
1.9x10? 
15.00 
14.62 
Average 1.3x10® 1.9x10? 14.81 
Shoulder 3 
Shoulder U 
1.2x10® 
3.2x10° 
1.8x10? 
5-3X105 
15.00 
16.56 
Average 6.2X10T 9.3x10^ 15.78 
Backslope 5 
Backslope 6 
Backslope 7 
4.6xl06 
2.8x10? 
5.3x10? 
7.8X105 
4.9x10° 
9.5X1O6 
16.96 
17.50 
17.92 
Average 2.9x10? 5.1x10^ 17.46 
Footslope 8 
Footslope 9 
Footslope 10 
8.6x10? 
2.0x10° 
3.6x10® 
1.6x10? 
3.9x10? 
7.5x10? 
18.60 
19.50 
20.83 
Average 2.2x10® 4.3x10? 19.64 
Toeslope 11 
Toeslope 12 
4.5x10® 
4.3x10° 
8.9X10? 
8.8x10? 
19.77 
20.47 
Average 4.4x10® 8.9X10? 20.26 
-'"Total counts and Artbrobacter counts expressed as number of 
bacteria/gm soil. 
Table 2fi. Correlation coefficients of variables for Site I on August 30 
Variable 1 2 3 h 5 6 7 8 9 10 11 12 13 lU 15 l6 
1® 1.00 
2 .91 1.00 
3 .96 .86 1.00 
k M .73 .38 1.00 
5 .k6 .74 .39 .98 1.00 
6 
-.5h 
-.77 -.44 -.98 -.97 1.00 
7 .69 .88 .61 .95 .95 -.97 
8 .58 .83 .53 .96 .97 -.95 
9 -.33 -.54 -.21 -.96 -.95 .96 
10 .05 .31 -.09 .81 .78 — .80 
11 .47 .71 .39 .97 .96 -.98 
12 .91 .93 .87 .71 .7% -.77 
13 .48 .66 .54 .77 .75 -.77 
Ik .82 .60 .89 -.03 -.02 —. 06 
15 .94 .84 .98 .35 .35 -.42 
16 .68 .88 .61 .95 .9% -.96 
1.00 
.96 1.00 
-.87 -.88 1.00 
.68 .64 
-.90 1.00 
.94 .96 -.96 .77 1.00 
.88 .80 — « 61 .34 .72 1.00 
.79 .79 -.69 .54 .76 .74 1.00 
.25 .14 .19 -.41 -.01 .62 .25 1.00 
.60 .48 
-.19 -.07 .35 .85 .54 .92 
.97 .94 -.88 .68 .92 .87 .81 .24 
l. - % silt + /{ clay; 2 = % clay; 3 = % organic matter; 4 ~ soil pH; 5 = total exchangeable 
bases; 6 = exchangeable hydrogen; 7 = soluble salts at % saturation; 8 = ppm.NOg; 9 = ppm NHjJ; 
10 = ppm available ])hosphorous; 11 = HOg producing power; 12 = # moisture relative to field 
capacity; 13 = # moisture relative to % saturation; lU = total counts; 15 = Arthrobacter counts; 
l6 = # of total counts represented by arthrobacters. 
Table 26. Correlation coefficients for variables for Site I on October 25 
Variable 1 2 3 U 5 6 7 8 9 10 11 12 13 lU 15 l6 
1^ 1.00 
2 .90 1.00 
3 .96 .86 1.00 
U ,53 .79 .U6 1.00 
5 .56 .79 M .97 1.00 
6 -.kl "" « 70 -.33 — .98 -.97 1.00 
7 .69 .87 .61 .97 .97 -.92 
8 -.12 Uo -.03 -.86 -.81 .90 
9 — .26 -.48 -.18 -.87 -.8U .89 
10 .65 .27 .83 .8k -.86 
11 .67 .86 .58 .97 .96 -.93 
12 .87 .96 .81 .79 .79 -.69 
13 .10 .U3 .ih .67 .58 -.63 
14 .92 .80 .92 .41 -.30 
15 .93 .91 .90 .65 .6k -.5U 
16 .6k .87 .56 .96 .90 -.89 
1.00 
-.77 1.00 
-.80 .93 1.00 
.82 
-.73 -.69 1.00 
.99 — .78 — « 80 .86 1.00 
.88 
-.43 —. 50 .65 .89 1.00 
.58 
-.59 -.U2 .5U .58 .50 1.00 
.56 -.03 -.16 .38 .56 .69 .05 1.00 
.72 -.29 -.Uo .57 .76 .82 .2k .96 
.96 -.76 — .76 .78 .96 .87 .66 .52 
^1 = ^ silt + /{ clayi 2 = ^ clay.* 3 = ^ organic matter; 4 •- soil pH; 5 = total exchangeable 
bases; 6 = exchangeable hydrogen; 7 = soluble salts at % saturation; 8 = ppm NO3; 9 = ppm NhJ; 
10 = ppm available phosphorous; 11 = NO3 producing power; 12 = # moisture relative to field 
capacity; 13 = % moisture relative to % saturation; l4 = total counts; 15 = Arthrobacter counts; 
16 = % of total counts represented by arthrobacters. 
Table 27. Correlation coefficients for variables for Site II on October 25 
Variable 1 2 3 h 5 6 7 8 9 10 12 12 13 l4 15 l6 
1® 1.00 
2 -.U8 1.00 
3 .80 
-.55 1.00 
U 
.97 -.46 .67 1.00 
5 .88 -.63 .61 .86 1.00 
6 
-.89 .10 — . 62 —.87 -.72 1.00 
7 .97 -.35 .79 .95 .81 -.9% 
8 .97 -.59 .72 .97 .93 -.81 
9 -.93 .30 -.82 -.91 -.6(3 .87 
10 .92 -.52 .83 .87 .7:5 -.77 
11 .90 -.70 .83 .85 .85 -.67 
12 .72 -.69 .86 .63 .62 -.kk 
13 .33 -.65 .45 .32 .32 .02 
Ik .71 —. 62 .89 .65 .50 -.45 
15 .75 -.62 .92 .68 .54 -.50 
16 .90 -.17 .6k .87 .78 -.98 
1.00 
.92 1.00 
-.95 -.85 1.00 
.90 .91 -.88 1.00 
.86 .92 -.79 .86 1.00 
.70 .73 -.67 .77 .92 l.OO 
.28 .38 -.27 .36 .6U .79 1.00 
.69 .66 -.78 .7^ .81 .88 .70 1.00 
.73 .70 -.80 .77 .85 .90 .68 .99 1.00 
.95 .8U -.85 .75 .7I; .51 .07 .48 .53 1.00 
= % silt + % clay; 2 ^  % clay;, 3 = % organic matter; U = soil pH; 5 = total exchangeable 
bases; 6 = exchangeable hydrogen; 7 = soluble salts at % saturation; 8 = ppm NO3; 9 = ppm NH$; 
10 ^  ppn available phosphorous; 11 = NO3 producing power; 12 = # moisture relative to field 
capacity; 13 = % moisture relative to % saturation; l4 = total counts; 15 = Arthrobacter counts; 
16 = /? of total counts represented by tirthrobacters. 
